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Abstract: The objective of this study was to examine the effect of caffeine on judo 
performance, perceived exertion, and plasma lactate response when ingested during 
recovery from a 5-day weight loss period. Six judokas performed two cycles of a 5-day 
rapid weight loss procedure to reduce their body weight by -5%. After weigh-in, subjects 
re-fed and rehydrated over a 4-h recovery period. In the third hour of this "loading period", 
subjects ingested a capsule containing either caffeine (6 mg-kg -1 ) or placebo. One hour 
later, participants performed three bouts of a judo fitness test with 5-min recovery periods. 
Perceived exertion and plasma lactate were measured before and immediately after each 
test bout. Body weight was reduced in both caffeine and placebo conditions after the 
weight loss period (-3.9% ± 1.6% and -4.0% ± 2.3% from control, respectively,/? < 0.05). 
At three hours after weigh-in, body weight had increased with both treatments but 
remained below the control (-3.0% ± 1.3% and -2.7% ± 2.2%). There were no significant 
differences in the number of throws between the control, caffeine or placebo groups. 
However, plasma lactate was systemically higher and perceived exertion lower in the 
subjects who ingested caffeine compared to either the control or placebo subjects 
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(p < 0.05). In conclusion, caffeine did not improve performance during the judo fitness test 
after a 5 -day weight loss period, but reduced perceived exertion and increased 
plasma lactate. 

Key-words: rapid-weight loss; judo; caffeine; perceived effort; plasma lactate 



1. Introduction 

In judo competition, division by weight-class guarantees matched strength, agility, and power 
between the competitors [1,2]. However, athletes frequently reduce their body weight immediately 
before competition to reach the maximum weight for a lighter division, thereby obtaining advantages 
against lighter opponents [2,3]. This rapid weight loss typically starts 3-5 days before competition, 
when athletes may restrict food and fluid, exercise in rubber or plastic suits, vomit, and use saunas or 
diet pills [4,5]. However, these weight-loss procedures can lead to hormonal imbalance [4], 
hydroelectro lytic imbalance [5], hyperthermia [6], cardiovascular distress [7], impaired immune 
function [8], and moodiness [9]. Importantly, these physiological alterations can reduce anaerobic 
capacity, an important determinant of overall performance in judo [10,1 1]. 

It is important to note that most of previous studies investigating the effects of rapid weight-loss on 
performance did not allow athletes to re-feed and rehydrate after the weigh-in [10-13]. This strategy 
differs from common practice in actual judo competitions, in which a short period (~4 h) after the 
weigh-in is allowed for recovery. Therefore, this "loading period" between weigh-in and competition 
provides an opportunity to develop strategies that minimize the negative effects of rapid weight loss 
and optimize performance. Additionally, studies investigating the effects of weight loss on performance 
utilized laboratory-based techniques, which may not reflect the demands of real judo combat. 
Therefore, a judo-specific performance test (Special Judo Fitness Test, SJFT), which is more 
representative of judo movements than laboratory tests, has been proposed as a valid and reliable 
measure of performance in judo athletes [14-16]. 

Caffeine is a potentially useful ergogenic resource for the short loading period after weigh-in. 
Caffeine ingestion (3-9 mg-kg -1 ) significantly improves performance during short-term, high-intensity 
exercises [17,18], sprints [19,20], and strength and power exercises [21]. Caffeine may also promote 
anaerobic glycolysis, increasing anaerobic capacity [22]. Additionally, caffeine affects the central 
nervous system (CNS) by acting as a potent adenosine receptor antagonist [23]. It easily crosses the 
blood-barrier by both simple diffusion and carrier-mediated transport, and competes with adenosine 
for binding sites on the adenosine A2 receptor [24]. Adenosine is molecularly similar to caffeine, and 
enhances pain perception and induces sleepiness. Caffeine can block these negative effects and reduce 
the rating of perceived exertion (RPE) [25,26], thus improving performance. Caffeine is therefore a 
strong candidate to improve judo performance, but its effect on performance after a rapid weight-loss 
period has not been tested. 

The objective of this study was to examine the effect of caffeine on judo performance following a 
5 -day weight loss period and a 4-h loading period. Plasma lactate and RPE responses were measured 
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to provide insight into anaerobic metabolism and perceived effort. We hypothesized that caffeine 
ingestion would increase plasma lactate and reduce RPE, consequently improving judo performance. 

2. Methods 

2.1. Participants 

Six experienced (weight category <60 kg (n = 2), <66 kg (n = 2), <73 (n = 1), and <90 kg (n = 1), 
four black belts and two brown belts) athletes participated in this study. All athletes were male 
(age 25.3 ±5.7 years; weight 71.1 ± 13.5 kg; height 167.0 ±3.6 cm; and body fat 13.2% ± 1 1.2%) and 
actively competing at the regional or national level with 14.4 ± 8.9 years of judo experience. At the 
time of data collection, athletes were 5.5% ± 3.4% above their weight class. The athletes were 
recruited from the local judo federation and all had experience with rapid weight loss procedures 
before the initiation of this study. 

2 2 

The required sample size was estimated from the equation n = 8 e Id , as suggested by 
Hopkins [27], where n, e and d denote sample size, coefficient of variation, and magnitude of the 
treatment effect, respectively. Coefficient of variation was assumed to be 0.73 [28]. Anticipating a 
treatment effect with a magnitude of 3.1% [29], detection of a conservative, statistically significant 1% 
difference would require at least five participants. To account for athlete attrition, we aimed to recruit 
eight participants. However, two participants failed to reduce their body weight during the 
experimental period. Thus, statistical analysis was performed on the six successful participants. 
All experimental sessions were scheduled during a period with no official competitions. The 
experimental protocol was approved by the Ethics and Research Committee of Maceio University 
Center (CESMAC, protocol number: 1417/12). This study was conducted in accordance with the 
International Ethical Guidelines and Declaration of Helsinki. 

2.2. Experimental Design 

The experimental design is illustrated in Figure 1 . Body weight, body fat, and performance during 
SJFT were assessed 3-h postprandially on the first and last day of a 5-day control period. Participants 
were asked not to exercise the day before these control tests. These data were used to calculate 
test-retest reliability and were averaged for post hoc comparison with caffeine and placebo. Athletes 
followed their normal diet (1664.4 ± 328.8 kcal; 227.5 ± 37.5 g/day of carbohydrate; 43.2 ± 16.1 g/day 
of fat; and 87.6 ± 28.9 g/day of protein) and training routines during this period. Athletes then 
performed two cycles of a 5 -day, rapid weight loss period to reduce their body weight as they would in 
an actual competition. The athletes were then weighed (weigh-in) and body fat was measured before a 
4-h recovery regimen (loading period). In the third hour of this loading period, body weight and fat 
percentage were determined and athletes ingested a capsule containing either caffeine or placebo. 
One hour later, participants performed three SJFT bouts with 5-min recovery periods. A 15-day, 
wash-out period was then applied between cycles. During the wash-out, the athletes were free to return 
to their normal training and food routine. 

All tests were conducted at the same time of day to minimize circadian variance. The experimental 
sequence (caffeine or placebo) was performed in a double-blinded, counterbalanced and crossover 
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manner. The athletes were instructed not to ingest alcohol during the study and to refrain from 
consuming caffeine-containing substances {i.e., coffee, chocolate, and soft drinks) for 24 h before the 
experimental tests. 

Figure 1. (a) Experimental design, (b) Performance protocol. AS: Anthropometric 
assessment; SJFT: Special judo fitness test; CAF: caffeine; PLA: placebo; [La]: plasma 
lactate concentration; RPE: rating of perceived exertion; HR: heart rate. 
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2.3. Body Composition 

Body composition was estimated from three skinfold thicknesses on the right side (chest, abdomen 
and thigh). Body density was obtained as previously described by Jackson and Pollock [30], and body 
fat (%) was calculated using Siri's equation [31]. Body weight was measured using a digital scale with 
0.1 kg accuracy. Height was assessed using a stadiometer with scale of 0.1 cm. 

2.4. Rapid Body Weight-Loss Procedures 

Athletes were asked to lose -5% of their body weight, using the same methods they would use if 
they were making weight for a competition [11,32,33]. Athletes were instructed to record these 
procedures and to repeat them in the second experimental session. Use of laxatives and diuretics to 
accelerate weight loss were prohibited, but athletes were free to manipulate food and fluid intake and 
exercise. Participants were free to consume food and water during the first three hours of the loading 
period after the weigh-in. All food and fluid consumed during this period was recorded and reproduced 
in the subsequent experimental session. The athletes were prohibited from consuming any food or 
water during the last hour of recovery. 

2.5. Caffeine and Placebo Ingestion 

Athletes ingested one capsule containing either 6 mg-kg -1 (control body weight) of pure caffeine 
(FHN pharmacy, Maceio, Alagoas, Brazil) or cellulose (placebo). At the end of each experimental 
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condition, the athletes were asked to identify if they were able to distinguish which capsule they 
had ingested. 

2.6. Judo Performance 

Participants performed a warm-up consisting of three bouts of the tsuri-komi-gochi technique 
applied on a partner (10, 20 and 30 s for first, second and third bouts, respectively), separated by a 10-s 
recovery. The athletes then rested for 5-min, before performing three bouts of SJFT with 5-min 
recovery periods. The SJFT protocol is considered a reliable and reproducible means to measure judo 
performance [14,15]. Briefly, three athletes of similar body weight are needed to perform the SJFT: 
(1) one participant called TORI, who is the evaluated athlete and; (2) two participants called UKE, 
who will receive the throws. The TORI begins the test between the two UKEs, 3 m from one another. 
After a sound signal, the TORI runs to one UKE and applies a throwing technique "ippon seoi nague". 
Then, TORI immediately runs to the another UKE and applies a new throw. The evaluated athlete 
(TORI) must complete as many throws as possible. Each SJFT bout was composed of three series 
(1 x 15 s, and 2 x 30 s) separated by 10 s for recovery. Performance was determined by the total 
throws completed during the SJFT. In addition, the following index was calculated [15,16]: 



where final HR was the heart rate measured immediately after a given bout, and HR1 was the heart 
rate measured 1 min after this same bout. 

2. 7. Rating of Perceived Exertion, Plasma Lactate Concentration and Heart Rate 

RPE was measured before and immediately after each SJFT bout using the 15-point Borg' scale [34]. 
The subjects were asked to report RPE using cues derived from all sensations experienced during the 
exercise. Twenty-five microliters (jxL) of arterialized blood sample was collected from the earlobe before 
warm-up (rest) and immediately before and after each SJFT bout. Blood samples were immediately 
placed in microtubes containing 1% of sodium fluoride and centrifuged at 3000 rpm for 10-min to 
ensure plasma separation. Plasma lactate concentration [La] was determined with commercial kits 
(Biotecnica, Varginha, Brazil) using a spectrophotometer. Heart rate was measured immediately 
before, immediately after, and 1 min after each SJFT bout using a cardiofrequencimeter (Polar S810i 
heart rate monitor, Polar Electro OY, Kempele, Finland). 

2.8. Statistical Analysis 

The Kolmogorov-Smirnov test was applied to determine if the data met parametric assumptions 
(normality). The data were tested for homogeneity using Levene's test. After confirmation of 
normality and homogeneity, the test-retest reliability of primary measurements was examined using 
Student's J-test for paired samples, intraclass correlation coefficient (ICC) and technical error of 
measurement (TEM) [27]. Body weight and body fat were compared before and after weight loss using 
a paired *-test. A two-way analysis of variance with repeated measures (time x condition) was used to 
determine if body weight and body fat recovery post weigh-in differed between CAF and PLA. 



Index — 



final HR (bpm) + HR1 (bpni) 
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number of throws 
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Similarly, a two-way analysis of variance with repeated measures (time x condition) followed by a 
Bonferroni adjustment was used to investigate if RPE, HR, [La], or performance in SJFT differed 
between CAF, PLA, and control conditions. When assumptions of sphericity were violated, the critical 
value of F was adjusted using the Greenhouse-Geisser epsilon value from the Mauchley test of 
sphericity. Total energy and percent intake of carbohydrate, fat and protein recorded during the 
recovery period were compared between CAF and PLA using a paired ^-test. Confidence intervals 
(95% CI), effect sizes (partial eta-squared, n p ) for the t and F ratio, and power effect were also 
calculated when appropriate to evaluate the magnitude of differences. n p values of 0.1, 0.3 and 0.5 
were considered as small, moderate and large, respectively [35]. The results of descriptive statistics are 
reported as the mean ± SD. Significance was defined as p < 0.05. All analyses were performed using 
SPSS software (version 17.0; IBM, Chicago, IL, USA). 

3. Results 

3.1. Test-Retest Reliability 

There were no significant differences between test and retest measurements for body weight, body 
fat, or number of throws (Table 1; all p > 0.05). All variables showed a low TEM and a moderate to 
high ICC. 

Table 1. Mean ± SD, intraclass correlation coefficient (ICC), and typical error of 
measurement (TEM) for anthropometric measurements and special judo fitness test 
outcome (throws) during test and retest assessments. 



Variables 


Test 


Retest 


ICC 


TEM (%) 


Body weight (kg) 


69.1 ± 12.2 


69.3 ± 12.1 


0.99 (0.99-1.00) 


0.3 (0.2-0.6) 


Body fat (%) 


10.4 ± 12.2 


12.1 ± 14.0 


0.99 (0.99-1.00) 


0.3 (0.2-0.5) 


SJFT-1 (throws) 


22.3 ±2.5 


21.8 ±1.6 


0.81 (0.15-0.95) 


1.2 (0.9-2.0) 


SJFT-2 (throws) 


21.2 ±2.4 


21.4 ± 1.9 


0.87 (0.32-0.96) 


1.1 (0.8-1.9) 


SJFT-3 (throws) 


20.8 ±2.0 


21.4 ± 1.8 


0.69 (-0.35-0.93) 


1.3 (1.0-2.3) 


Total Throws 


64.3 ± 5.9 


64.7 ±4.6 


0.88 (0.50-0.97) 


2.4 (1.7-4.1) 



TEM and ICC are presented as the mean and confidence interval (95% CI). 



3.2. Rapid Body Weight-Loss 

Body weight was significantly reduced in both CAF (t(6) = 5.82, p < 0.05, r| p = 0.93, 
95% CI = 1.57 -4.08) and PLA (t(6) = 4J6,p< 0.05, n P 2 = 0.90, 95% CI = 1.31-4.41) after the rapid 
weight loss period compared to control (Table 2). Total body weight lost was similar between CAF 
and PLA conditions (-3.9 ±1.6 and -4.0% ± 2.3% from control, respectively). Three hours after 
weigh-in, body weight increased in both CAF (t(6) = 5.95, p < 0.05, n p 2 = 0.93, 95% CI = 1.24-3.12) 
and PLA (t(6) = 3.25, p < 0.05, n p 2 = 0.82, 95% CI = 0.39-3.47), but did not return to the control 
values (p < 0.05). The magnitude of recovery was similar between CAF and PLA conditions 
(-3.0 ±1.3 and -2.7% ± 2.2% from control, respectively,/* > 0.05). Body fat did not change over the 
time and there was no significant difference between the conditions (p > 0.05, Table 2). 
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Body weight before starting weight-loss procedures was similar between CAF and PLA conditions 
(72.1 ± 12.3 versus 72.7 ±11.7 kg, respectively), and did not differ from control (73.0 ±11.8 kg); this 
suggests that the wash-out period was sufficient to return body weight to control levels in both 
experimental conditions. Only one athlete distinguished correctly which capsule had been ingested 
(caffeine); the others did not correctly identify which capsule they had ingested. 



Table 2. Anthropometric data from athletes during control, post-weight loss (weigh-in), 
and loading period for caffeine (CAF) and placebo (PLA) treatments. 



Variables 


Control 


Weigh-in 


3-H Loading Period 


CAF PLA 


CAF PLA 


Body weight (kg) 


73.0± 11.8 


70.1 ± 11.4 a 70.1 ± 11.9 a 


70.8 ±11.5 a ' b 71.0 ± 11.9 a ' b 


Body fat (%) 


13.4 ± 11.1 


12.2 ±12.2 13.2 ±12.1 


13.1 ±12.0 12.3 ±11.0 



Data are reported as the mean ± SD. a Significantly lower than control; b Significantly higher than weigh-in in 
the same condition. 



Table 3 shows total energy intake and macronutrient percentages during the first three hours of 
recovery in CAF and PLA conditions. Total energy intake, as well as the distribution of calories from 
carbohydrate, fat and protein, was similar between CAF and PLA (p > 0.05). 

Table 3. Energy and macronutrients intake recorded during the first three hours of 
recovery for caffeine (CAF) and placebo (PLA) conditions (mean ± SD). 



Variables 


CAF 


PLA 


Total energy (kcal) 


674.7 ± 123.0 


774.6 ± 302.2 


Carbohydrate (%) 


66.7 ±11.9 


59.8 ±8.2 


Fat (%) 


21.6 ±8.4 


26.7 ±6.9 


Protein (%) 


12.5 ±6.2 


13.5 ±3.6 



3.3. Performance, RPE, Plasma Lactate, and HR 

There was no significant main effect on condition (F(2,10) = 1.12, p > 0.05, V = °- 18 > P ower 
effect = 0.19) or bout (F(2,10) = 0.40, p > 0.05, n P 2 = 0.01, power effect = 0.05) for the number of 
throws (Figure 2). There was also no interaction effect (F (4,20) = 1.07, p > 0.05, n p = 0.17, power 

2 

effect = 0.27). Similarly, there was no main effect on condition (F(2,10) = 1.16,/»0.05, V = °- 25 > 
power effect = 0.27), bout (F(2,10) = 0.98, p > 0.05, n p 2 = 0.16, power effect = 0.17) or interaction 
(F(4,20) = 2Al,p> 0.05, n P 2 = 0.33, power effect = 0.59) on SJFT performance index (Table 4). 

Table 4. Performance index during the SJFT for caffeine (CAF), placebo (PLA) and 
control (CON) conditions (Mean ± SD). 



Condition 


SJFT-1 


SJFT-2 


SJFT-3 


CON 


14.2 ± 1.9 


15.8 ±2.5 


16.3 ±2.3 


CAF 


14.9 ± 1.4 


15.1 ± 1.3 


15.3 ±1.9 


PLA 


15.1 ±2.2 


14.5 ± 1.3 


15.1 ± 1.5 
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Figure 2. Number of throws in each bout of special judo fitness test (SJFT) in control, and 
after a 5-day weight-loss period followed by caffeine (CAF) or placebo (PLA). Data are 
expressed as the mean ± SD. 
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However, there was a main effect of time on RPE; values increased significantly throughout SJFT 
in all conditions (Figure 3, p < 0.05). There was also a main effect of condition (p < 0.05), as values 
were lower in CAF than control or PLA. However, there was no interaction effect (p > 0.05). 
Similarly, [La] increased significantly with time in all conditions (Figure 4,p < 0.05). There was also a 
main effect of condition and an interaction between condition and time; [La] values became elevated 
in CAF over control or PLA as the SJFT progressed (p < 0.05). 

Figure 3. Rating of perceived exertion (RPE) before and after each bout of SJFT in control 
and after a 5-day weight loss period followed by caffeine (CAF) or placebo (PLA). Data 
are expressed as the mean ± SD. * Significantly lower than control and PLA conditions. 
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HR increased significantly over time in all conditions (p < 0.05), but there was no effect of 
condition or interaction (p > 0.05). HR before SJFT-1 (control: 103 ± 23; CAF: 116 ± 23 and PLA: 
113 ± 24 bpm) and after SJFT-3 (control: 182 ± 10; CAF: 187 ± 14 and PLA: 184 ± 14 bpm) was 
similar between the conditions (p > 0.05). 

Figure 4. Plasma lactate concentration [La] before and after warm-up, and before and after 
each bout of SJFT in control and weight loss conditions followed by caffeine (CAF) or 
placebo (PLA). Data are presented as the mean ± SD. # CAF significantly higher than PLA at 
the same time point; * CAF significantly higher than control and PLA at the same time point. 
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4. Discussion 

The main findings of the present study were that caffeine, consumed after a -5% reduction in body 
weight and a short loading period, did not increase performance during a high-intensity, intermittent 
judo-specific test. However, caffeine ingestion reduced perceived effort and increased plasma lactate 
responses during the performance test. 

4.1. Body Weight Loss and Performance 

In the present study, we found a significant reduction in initial body weight (-4%) after a short 
weight-loss period in both CAF and PLA conditions. The weight loss achieved in this study was 
similar to that reported by others using the same duration and with athletes of similar training 
status [11,13,32,33]. For example, Artioli et al. [32] observed a -4% reduction in body weight after a 
5-day weight loss period when compared to control values; more recently, Mendes et al. [33] showed a 
-5% reduction in body weight after a 5 -day weight loss period. Therefore, we argue that the reduction 
in the body weight observed in the present study was successful and consistent with values reported in 
the literature. 

Our data also demonstrated that a ~4% reduction in body weight did not negatively affect 
performance during three judo-specific tests. Rapid weight loss is known to impair performance in 
wrestlers [10] and judo athletes [11,13] when the athletes are not allowed to re-fed and rehydrate after 
the weigh-in. However, weigh-in is followed by a short recovery period (~4 h) in judo competitions in 
which the athletes are permitted to consume foods and liquids freely [32,33,36]. Therefore, we 
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intended to reproduce the same procedures adopted in actual competitions. Our findings confirm 
previous studies showing that a "loading period" after rapid weight loss rescues performance [32,33]. 
Importantly, total energy intake, as well as distribution of calories from carbohydrate, fat and protein, 
was similar between CAF and PLA during the 4-h recovery. This suggests that the diet strategy 
adopted during the recovery period was successfully replicated across conditions. Supporting this 
successful recovery strategy, body weight recovery was similar between these two conditions. 

4.2. Caffeine and Performance 

Our results demonstrated that caffeine ingestion does not improve performance in SJFT when 
performed after rapid weight loss. Caffeine's performance benefits have been described for continuous 
exercise [23,37,38], as well as for sprints and repeated bouts of intense exercise [17,18,20]. However, 
it is important to note that not all studies found a positive effect of caffeine [39,40]. For example, 
Greer et al. [39] and Crowe et al. [40] showed that caffeine ingestion (6 mg-kg -1 ) did not have any 
effect on performance (peak power, average power or decrement in total work) during successive 
maximal cycling bouts (four bouts of 30 s or two bouts of 60 s) compared to placebo. The reasons for 
these differences are not clear, but may be related to different performance protocols with different 
durations, intensities, and types of exercise. In the present study, we used a short, high-intensity 
intermittent exercise specific to judo performance. We found that the number of throws (performance) 
during three bouts consisting of three series (1 x 15 s, and 2 x 30 s separated by 10-s recovery) with 
5-min recovery periods did not differ between PLA and CAF. Data from the present study therefore 
suggests that caffeine ingestion does not confer additional performance benefits during a judo test 
when consumed after a rapid weight loss period. Part of the discrepancy with results reported in the 
literature may be attributed to different types of movement and skills used during SJFT. Technique is 
an important determinant in SJFT [14-16]. Unfortunately, there are no studies in the literature 
verifying the effects of caffeine on performance during SJFT for comparison. Additionally, in the 
present study SJFT was evaluated after a weight-loss period, which may have interfered with caffeine 
effects. Further studies should investigate the effects of caffeine on performance during the SJFT in a 
fresh, normal weight condition. 

4.3. Caffeine and RPE 

Caffeine ingestion reduced RPE by -14.6% during SJFT. This result is consistent with other studies 
showing a reduction of RPE after caffeine ingestion [17,18,26]. This reduction could be caused by 
caffeine antagonism on adenosine A2 receptors in the CNS [23]. Caffeine easily crosses the blood-brain 
barrier by simple diffusion and competes with adenosine for adenosine A2 receptors in the CNS [41]. 
Adenosine enhances pain perception and induces sleepiness. Thus, caffeine can counter regulate these 
negative effects, reducing pain and/or effort perception [42]. It is interesting to note that Doherty and 
Smith [26] showed that caffeine ingestion reduced perceived exertion; 29% of the variance explaining 
the ergogenic effect of caffeine on performance was obtained by the decreased RPE response. 
However, in the present study, caffeine lowered RPE but did not improve performance. This suggests 
that athletes had reduced feelings of fatigue after caffeine intake, but this was insufficient to improve 
performance after rapid weight loss. It is possible that this reduction in RPE after caffeine ingestion 
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may have improved performance if SJFT bouts had progressed. Further studies should investigate the 
effects of caffeine on performance during a match simulation (e.g., 5-min judo combat) or large SJFT 
number (>3). 

4.4. Caffeine and Lactate Concentration 

The caffeine ingestion increased lactate concentration from the beginning of SJFT-2 until 
the end of SJFT-3. Although there is no previous data investigating the effects of caffeine on 
plasma lactate after successive SJFT tests, some studies using cycling exercise are supportive of our 
findings [20,40,43]. Collomp et al. [20] showed that caffeine ingestion (5 mg-kg -1 ) increased 
blood lactate concentration after a bout of the Wingate test compared to placebo. Additionally, 
Crowe et al. [40] showed an increase in blood lactate concentration during successive cycling bouts 
(two bouts of 60 s each) after caffeine ingestion (6 mg-kg -1 ). Two mechanisms have been proposed to 
explain this increase in blood lactate. In the first, caffeine increases anaerobic activity through its 
antagonistic action on peripheral adenosine receptors, which could prevent the inhibitory effects of 
adenosine on phosphofructokinase activity in skeletal muscle [22]. Secondly, caffeine promotes 
catecholamine release to facilitate the conversion of phosphorylase b to its more active a form, 
accelerating muscle glycogeno lysis [20]. However, although lactic anaerobic metabolism is 
fundamental during judo combats, some new findings have suggested that aerobic and lactic 
metabolisms are equally important [44]. Thus, even a caffeine-stimulated increase in lactic metabolism 
may not be sufficient to increase performance. 

4.5. Limitations 

It is important to acknowledge the limitations of the present study. Caution is advised when 
applying these data to internationally competitive athletes because the present study only evaluated 
athletes of national and regional levels. Although we did not observe impaired performance during the 
SJFT, a larger weight reduction (e.g., >10% of body mass), which can be found in an actual competition, 
may result in considerable performance impairment even after a loading period. However, requesting 
athletes to reduce more than 5% of body mass would considerably affect participant's compliance and 
raise ethical concerns, thus compromising the feasibility of the study. However, judo athletes typically 
lose less than 5% of their body mass to compete, demonstrating that our results apply to the majority 
of cases in real settings [32]. Finally, we used a small sample size. Although we estimated that six 
participants would be sufficient, we found a reduced power effect. A larger number of participants 
may be considered unrealistic for studies with invasive procedures, multiple measurements, or many 
test days. In addition, weight-loss procedures are strenuous and difficult to follow up. This has likely 
contributed to similarly reduced sample sizes in a series of other studies [32,33]. However, we found a 
small effect size for all main performance outcomes, suggesting that any effect of caffeine was 
minimal and would require a non-realistic sample of more than 100 participants. 
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5. Conclusions 

Caffeine ingestion, consumed during a loading period following a 5-day weight loss period, does 
not increase performance, but decreases RPE and increases plasma lactate concentration. This suggests 
that caffeine is able to reduce feelings of fatigue and increase lactic anaerobic metabolism, but without 
altering performance. 

Acknowledgments 

The authors thank all athletes who volunteered for this study. Joao Lopes-Silva, Leandro Fellipe 
and Marcos Silva-Cavalcante are grateful to CAPES for their scholarship. The authors are also grateful 
to Alagoas Judo Federation staff for their assistance. 

Author Contributions 

Conceived and designed the experiments: JPL-S, MDS-C, and AEL-S. Performed the experiments: 
JPL-S, LJCF, and MDS-C. Analyzed the data: JPL-S, LJCF, MDS-C, RB, and AEL-S. Contributed 
reagents/materials/analysis tools: JPL-S, LJCF, MDS-C, RB, and AEL-S. Wrote the paper: 
JPL-S, LJCF, MDS-C, RB, and AEL-S. Reviewed the paper: RB, and AEL-S. 

Conflicts of Interest 

The authors declare no conflict of interest. 
References 

1. Franchini, E.; del Vecchio, F.B.; Matsushigue, K.A.; Artioli, G.G. Physiological profiles of elite 
judo athletes. Sports Med. 2011, 41, 147-166. 

2. Artioli, G.G.; Gualano, B.; Franchini, E.; Scagliusi, F.B.; Takesian, M.; Fuchs, M.; Lancha, A.H., Jr. 
Prevalence, Magnitude, and Methods of Rapid Weight Loss among Judo Competitors. Med. Sci. 
Sports Exerc. 2010, 42, 436-442. 

3. Oppliger, R.A.; Steen, S.A.; Scott, J.R. Weight loss practices of college wrestlers. Int. J. Sport 
Nutr. Exerc. Metab. 2003, 13, 29-46. 

4. Roemmich, J.N.; Sinning, W.E. Weight loss and wrestling training: Effects on growth-related 
hormones. J. Appl. Physiol. 1997, 82, 1760-1764. 

5. Costill, D.L.; Sparks, K.E. Rapid fluid replacement following thermal dehydration. J. Appl. 
Physiol. 1973, 34, 299-303. 

6. Oppliger, R.A.; Case, H.S.; Horswill, C.A.; Landry, G.L.; Shelter, A.C. American college of 
sports medicine position stand. Weight loss in wrestlers. Med. Sci. Sports Exerc. 1996, 28, ix-xii. 

7. Allen, T.E.; Smith, D.P.; Miller, D.K. Hemodynamic response to submaximal exercise after 
dehydration and rehydration in high school wrestlers. Med. Sci. Sports 1977, 9, 159-163. 

8. Kowatari, K.; Umeda, T.; Shimoyama, T.; Nakaji, S.; Yamamoto, Y.; Sugawara, K. Exercise training 
and energy restriction decrease neutrophil phagocytic activity in judoists. Med. Sci. Sports Exerc. 
2001,33,519-524. 



Nutrients 2014, 6 



2943 



9. Choma, C.W.; Sforzo, G.A.; Keller, B.A. Impact of rapid weight loss on cognitive function in 
collegiate wrestlers. Med. Sci. Sports Exerc. 1998, 30, 746-749. 

10. McMurray, R.G.; Proctor, C.R.; Wilson, W.L. Effect of caloric deficit and dietary manipulation 
on aerobic and anaerobic exercise. Int. J. Sports Med. 1991, 12, 167-172. 

11. Filaire, E.; Maso, F.; Degoutte, F.; Jouanel, P.; Lac, G. Food restriction, performance, 
psychological state and lipid values in judo athletes. Int. J. Sports Med. 2001, 22, 454-459. 

12. Kiningham, R.B.; Gorenflo, D.W. Weight loss methods of high school wrestlers. Med. Sci. 
Sports Exerc. 2001, 33, 810-813. 

13. Degoutte, F.; Jouanel, P.; Begue, R.J.; Colombier, M.; Lac, G.; Pequignot, J.M.; Filaire, E. Food 
restriction, performance, biochemical, psychological, and endocrine changes in judo athletes. 
Int. J. Sports Med. 2006, 27, 9-18. 

14. Artioli, G.G.; Gualano, B.; Coelho, D.F.; Benatti, F.B.; Gailey, A.W.; Lancha, A.H., Jr. Does 
sodium bicarbonate ingestion improve simulated judo performance? Int. J. Sport Nutr. Exerc. 
Metab. 2007, 17, 206-217. 

15. Franchini, E.; Nakamura, F.Y.; Takito, M.Y.; Kiss, M.A.P.D.M.; Sterkowicz, S. Specific fitness 
test developed in Brazilian judoists. Biol. Sport 1998, 15, 165-170. 

16. Miarka, B.; del Vecchio, F.B.; Franchini, E. Acute Effects and Postactivation Potentiation in the 
Special Judo Fitness Test. J. Strength Cond. Res. 2011, 25, 427-431. 

17. Doherty, M.; Smith, P.M.; Davison, R.C.; Hughes, M.G. Caffeine is ergogenic after 
supplementation of oral creatine monohydrate. Med. Sci. Sports Exerc. 2002, 34, 1785-1792. 

18. Doherty, M.; Smith, P.; Hughes, M.; Davison, R. Caffeine lowers perceptual response and 
increases power output during high-intensity cycling. J. Sports Sci. 2004, 22, 637-643. 

19. Anselme, F.; Collomp, K; Mercier, B.; Ahma'idi, S.; Prefaut, C. Caffeine increases maximal 
anaerobic power and blood lactate concentration. Eur. J. Appl. Physiol. Occup. Physiol. 1992, 65, 
188-191. 

20. Collomp, K; Ahmaidi, S.; Audran, M.; Chanal, J.L.; Prefaut, C. Effects of caffeine ingestion on 
performance and anaerobic metabolism during the Wingate test. Int. J. Sports Med. 1991, 12, 
439-443. 

21. Jacobson, B.H.; Weber, M.D.; Claypool, L.; Hunt, L.E. Effect of caffeine on maximal strength 
and power in elite male athletes. Br. J. Sports Med. 1992, 26, 276-280. 

22. Simmonds, M.J.; Minahan, C.L.; Sabapathy, S. Caffeine improves supramaximal cycling but not 
the rate of anaerobic energy release. Eur. J. Appl. Physiol. 2010, 109, 287-295. 

23. Graham, T.E. Caffeine and exercise: Metabolism, endurance and performance. Sports Med. 2001, 
31, 785-807. 

24. Fredholm, B.B. Astra Award lecture. Adenosine, adenosine receptors and the actions of caffeine. 
Pharmacol. Toxicol. 1995, 76, 93-101. 

25. Davis, J.M.; Zhao, Z.; Stock, H.S.; Mehl, K.A.; Buggy, J.; Hand, GA. Central nervous system 
effects of caffeine and adenosine on fatigue. Am. J. Physiol. Regul. Integr. Comp. Physiol. 2003, 
284, 399-404. 

26. Doherty, M.; Smith, P.M. Effects of caffeine ingestion on rating of perceived exertion during and 
after exercise: A meta-analysis. Scand. J. Med. Sci. Sports 2005, 15, 69-78. 



Nutrients 2014, 6 



2944 



27. Hopkins, W.G. Measures of reliability in sports medicine and science. Sports Med. 2000, 30, 
1-15. 

28. Franchini, E.; Nakamura, F.Y.; Takito, M.Y.; Kiss, M.A.P.D.M.; Sterkowicz, S. Analise de um 
teste especifico sobre o judo. Kinesis 1999, 21, 91-108. 

29. Wiles, J.D.; Coleman, D.; Tegerdine, M.; Swaine, M. The effects of caffeine ingestion on 
performance time, speed and power during a laboratory-based 1 km cycling time -trial. 
J. Sports Sci. 2006, 24, 1165-1171. 

30. Jackson, A.S.; Pollock, M.L. Generalized equations for predicting body density of men. Br. J. 
Nutr. 1978, 40, 497-504. 

3 1 . Siri, W.E. Body composition from fluid space and density. In Techniques for Measuring Body 
Composition; Brozek, J., Hanschel, A., Eds.; National Academy of Science: Washington, DC, 
USA, 1961. 

32. Artioli, G.G.; Iglesias, R.T.; Franchini, E.; Gualano, B.; Kashiwagura, D.B.; Solis, M.Y.; 
Benatti, F.B.; Fuchs, M.; Lancha Junior, A.H. Rapid weight loss followed by recovery time does 
not affect judo-related performance. J. Sports Sci. 2010, 28, 21-32. 

33. Mendes, S.H.; Tritto, A.C.; Guilherme, J.P.; Solis, M.Y.; Vieira, D.E.; Franchini, E.; 
Lancha, A.H., Jr.; Artioli, G.G. Effect of rapid weight loss on performance in combat sport male 
athletes: Does adaptation to chronic weight cycling play a role? Br. J. Sports Med. 2013, 47, 
1155-1160. 

34. Borg, GA. Psychophysical bases of perceived exertion. Med. Sci. Sports Exerc. 1982, 14, 
377-381. 

35. Field, A. Discovering Statistics Using IBM SPSS Statistics, 4th ed.; SAGE Publications Inc.: 
Thousand Oaks, CA, USA, 2013; p. 908. 

36. Marttinen, R.H.; Judelson, DA.; Wiersma, L.D.; Coburn, J.W. Effects of self-selected mass loss 
on performance and mood in collegiate wrestlers. J. Strength Cond. Res. 2011, 25, 1010-1015. 

37. Santos, R.A.; Kiss, M.A.; Silva-Cavalcante, M.D.; Correia-Oliveira, C.R; Bertuzzi, R.; Bishop, D.J.; 
Lima-Silva, A.E. Caffeine Alters Anaerobic Distribution and Pacing during a 4000-m Cycling 
Time Trial. PLoS One 2013, 8, e75399. 

38. Silva-Cavalcante, M.D.; Correia-Oliveira, C.R.; Santos, R.A.; Lopes-Silva, J.P.; Lima, H.M.; 
Bertuzzi, R.; Duarte, M.; Bishop, D.J.; Lima-Silva, A.E. Caffeine increases anaerobic work and 
restores cycling performance following a protocol designed to lower endogenous carbohydrate 
availability. PLoS One 2013, 8, e72025. 

39. Greer, F.; Friars, D.; Graham, T.E. Comparison of caffeine and theophylline ingestion: Exercise 
metabolism and endurance. J. Appl. Physiol. 2000, 89, 1837-1844. 

40. Crowe, M.J.; Leicht, A.S.; Spinks, W.L. Physiological and cognitive responses to caffeine during 
repeated, high-intensity exercise. Int. J. Sport Nutr. Exerc. Metab. 2006, 16, 528-544. 

41. Fredholm, B.B.; Abbracchio, M.P.; Burnstock, G.; Daly, J.W.; Harden, T.K.; Jacobson, K.A.; 
Leff, P.; Williams, M. Nomenclature and classification of purinoceptors. Pharmacol. Rev. 1994, 
46, 143-156. 

42. Abreu, A.; Mahmarian, J.J.; Nishimura, S.; Boyce, T.M.; Verani, M.S. Tolerance and safety of 
pharmacologic coronary vasodilation with adenosine in association with thalium-201 scintigraphy 
in patients with suspected coronary artery disease. J. Am. Coll. Cardiol. 1991, 18, 730-735. 



Nutrients 2014, 6 



2945 



43. Bell, D.G.; Jacobs, I.; Ellerington, K. Effect of caffeine and ephedrine ingestion on anaerobic 
performance. Med. Sci. Sports Exerc. 2001, 33, 1399-1403. 

44. Franchini, E.; Sterkowicz, S.; Szmatlan-Gabrys, U.; Gabrys, T.; Garnys, M. Energy system 
contributions to the Special Judo Fitness Test. Int. J. Sports Physiol. Perform. 2011, 6, 334-343. 

© 2014 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 
distributed under the terms and conditions of the Creative Commons Attribution license 
(http://creativecommons.Org/licenses/by/3.0/). 



